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[57] ABSTRACT

The invention provides a quadrature demodulator which
removes unnecessary higher harmonic signals included in a
demodulation output without giving rise to increase in
number of externally connected parts and increase in current
consumption. The quadrature demodulator includes a first
double differential circuit to which a modulated signal and

a first local signal are inputted. a first emitter follower circuit
for effecting impedance conversion, a second double differ-

ential circuit to which the modulated signal and a second
local signal having a phase shifted by 90-degrees from the
first local signal are inputted, and a second emitter follower
circuit connected to a pair of outputs of the second double
differential circuit for effecting impedance conversion. The
quadrature demodulator further includes a CR circuit includ-
ing a resistor and a capacitor connected to each of the
outputs of the first and second double differential circuits

such that an active filter is formed from the CR circuit and
a corresponding one of the first and second emitter follower

circuits.

3 Claims, 3 Drawing Sheets
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QUADRATURE DEMODULATOR HAVING
ACTIVE FILTERS FORMED WITH
EMITTER FOLLOWER OUTPUT STAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a quadrature demodulator, and
more particularly to a quadrature demodulator which
removes higher harmonic components included in a
demodulation output obtained by demodulation of a modu-
lated signal with a local signal and a 90-degree phase shifted
local signal.

2. Description of the Related Art

A conventional quadrature demodulator typically has
such a construction as shown in FIG. 3. Referring to FIG. 3,
the conventional quadrature demodulator shown includes a
first double differential circuit to which a local signal is
inputted via a pair of terminals 16 and a modulated signal is
inputted via another pair of terminals 17 and which includes
transistors 1 to 6, resistors 9 to 12 and a constant current
source 13, a first emitter follower circuit including a pair of
transistors 7 and 8 to which a pair of outputs of the first
double differential circuit are inputted and a pair of constant
current sources 14 and 1S connected to the emitters of the
transistors 7 and 8, respectively, a second double differential
circuit to which a 90-degree phase shifted local signal is
inputted via a further pair of terminals 35 and the moduiated
signal is inputted via the terminals 17 and which includes
transistors 20 to 25, resistors 28 to 31 and a constant current
source 32, and a second emitter follower circuit including a
pair of transistors 26 and 27 to whose bases a pair of outputs
of the second double differential circuit are inputted and a
pair of constant current sources 33 and 34 connected to the
emitters of the transistors 26 and 27, respectively. In the first
double differential circuit, the first differential pair transis-
tors 1 and 2 and the second differential pair transistors 3 and
4 receive a differential local signal with the collectors
thereof connected in cross connection, and the third differ-
ential pair transistors § and 6 have the resistors 11 and 12
connected thereto, and receive and convert a differential
modulated signal voltage into a differential current and
supply output difference currents to the first and second
differential pair transistors 1, 2 and 3. 4, respectively. A pair
of outputs of the first double differential circuit is extracted
from junctions between the collectors of the first and second
differential pair transistors 1, 2 and 3, 4 and load resistor
elements 9 and 10. Also the second double differential
circuit is constructed in a similar manner.

Operation of the conventional quadrature demoduliator
will be described below.

A modulated signal inputted to the terminals 17 1s modu-
lated with a local signal inputted to the terminals 16 by the
first double differential circuit and converted into a low
impedance signal by the first emitter foliower circuit and
then extracted as an in-phase demodulation signal from a
pair of output terminals 19.

Further, the modulated signal inputted to the terminals 17
is demodulated with a 90-degree phase shifted local signal
inputted to the terminals 35 by the second double differential
circuit, converted into a low impedance signal by the second
emitter follower circuit and extracted as a 90-degree phase

shifted demodulation signal from another pair of output
terminals 37.

However, since a rectangular wave signal is usually used
for the local signal inputted to the terminals 16 and the
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90-degree phase shifted local signal inputted to the terminals
35, in addition to a desired in-phase demodulation signal and
a 90-degrec phase shifted demodulation signal, higher har-
monic signals which are sums or differences between higher
harmonics of the local signal and the 90-degree phase
shifted local signal and the modulated signal are outputted
from the output terminals 19 and 37.

In order to eliminate such unnecessary higher harmonic
signals, active filters (not shown) are connected at the next
stages to the output terminals 19 and 37.

As described above, in the conventional quadrature
demodulator shown in FIG. 3, it is required to connect active
filters at the next stages to the quadrature demodulator in
order to remove unnecessary higher harmonic signals
included in a demodulated output signal. Accordingly, the
conventional guadrature demodulator is disadvantageous 1n
that, when it is implemented as an integrated circuit (IC), the
connection of such active filters results in increase in num-
ber of externally connected parts and increase in current
consumption.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
quadrature demodulator which removes unnecessary higher
harmonic signals included in a demodulation output of the
quadrature demodulator without giving rise to increase in
number of externally connected parts and increase in current
consumption.

In order to attain the object described above, according to
the present invention, there is provided a quadrature
demodulator, comprising a first double differential circuit to
which a modulated signal and a first local signal are
inputted, a first emitter follower circuit connected to a pair
of outputs of the first double differential circuit for effecting
impedance conversion of signals inputted thereto from the
first double differential circuit, a second double differential
circuit to which the modulated signal and a second local
signal having a phase shifted by 90 degrees from the first
local signal are inputted, a second emitter follower circuit
connected to a pair of outputs of the second double differ-
ential circuit for effecting impedance conversion of signals
inputted thereto from the second double differential circuit,
and a CR circuit including a resistor and a capacitor con-
nected to each of the outputs of the first and second double
differential circuits such that an active filter is formed from
the CR circuit and a corresponding one of the first and
second emitter follower circuits.

In short, the quadrature demodulator of the present inven-
tion is characterized in that it includes emitter follower
circuits for effecting low impedance conversion for demodu-
lated outputs of double differential circuits, and active filters
cach formed from a resistor (R) and a capacitor (C). The
circuit (network) formed from a resistor (R) and a capacitor
(C) is referred to as a CR circuit herein.

With the quadrature demodulator, the demodulation out-
puts thereof do not include unnecessary higher harmonic
signals, and consequently, there is no need of connecting
active filters at the next stage to the quadrature demodulator.
Consequently, the number of parts to be attached as external
parts when the quadrature demodulator is implemented as an
IC can be reduced, and accordingly, the power dissipation
can be reduced.

Preferably, the quadrature demodulator is constructed
such that a transistor which forms each of the first and
second emitter follower circuits for impedance conversion is
used commonly as a transistor which forms the active filter,
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and cooperates with the CR circuit to form a low-pass filter
having a desired frequency characteristic. This eliminates
the necessity for disposition of the active filters as externally
attached parts. Consequently, the number of parts is reduced
to reduce the power dissipation while an increase in number
of elements built in the quadrature demodulator is sup-
pressed.

The above and other objects. features and advantages of
the present invention will become apparent from the fol-
lowing description and the appended claims, taken in con-
junction with the accompanying drawings in which like
parts or elements are denoted by like reference characters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a quadrature demodulator
showing a preferred embodiment of the present invention;

FIG. 2 is a similar view but showing a modification to the
quadrature demodulator of FIG. 1; and

FIG. 3 is a circuit diagram showing a circuit construction
of a conventional quadrature modulator.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring first to FIG. 1. there is shown in circuit diagram
a circuit construction of a quadrature demodulator to which
the present invention is applied. The quadrature demodula-
tor is an improvement to and includes common elements to
those of the conventional quadrature demodulator described
hereinabove with reference to FIG. 3. In particular, the
quadrature demodulator includes first and second double
differential circuits for inputting a local signal, a 90-degree
phase shifted local signal and a modulated signal, which
have similar constructions to those of the conventional
quadrature demodulator, and overlapping description of the
common construction is omitted herein to redundancy, but
only differences of the quadrature demodulator from the
conventional quadrature demodulator will be described
below. It is to be noted that, in FIG. 1, like or corresponding
elements to those of the conventional quadrature demodu-
lator are denoted by like reference numerals to those of FIG.

3.

The quadrature demodulator shown in FIG. 1 is different
in construction from the conventional quadrature demodu-
lator shown in FIG. 3 in that the first emitter follower circuit
additionally includes resistors 38 to 41 and capacitors 46 to
49 and the second emitter follower circuit additionally
includes resistors 42 to 45 and capacitors 50 to 53.

An in-phase demodulation signal demodulated by the first
double differential circuit and including unnecessary higher
harmonic signals is inputted to a second-order active low-
pass filter formed from the resistors 38 to 41. capacitors 46
to 49 and transistors 7 and 8. The unnecessary higher
harmonic signals are removed from the in-phase demodu-
lation signal by the second-order active low-pass filter, and
a resulting signal from the second-order active low-pass
filter is outputted to the output terminals 19.

Meanwhile, a 90-degree phase shifted demodulation sig-
nal demodulated by the second double differential circuit
and including unnecessary higher harmonic signals is input-
ted to another second-order active low-pass filter formed
from the resistors 42 to 45, capacitors 50 to 53 and transis-
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tors 26 and 27. The unnecessary higher harmonic signals are
removed from the 90-degree phase shifted modulation signal
by the second-order active low-pass filter, and a resulting
signal from the second-order active low-pass filter is out-
putted to the output terminals 37.

Accordingly, a desired in-phase demodulation output and
a 90-degree phase shifted demodulation output which do not
include unnecessary higher harmonic signals are obtained
from the output terminals 19 and 37, respectively.

FIG. 2 shows a circuit construction of a modification to
the quadratire demodulator of the embodiment described
above with reference to FIG. 1. The modified quadrature
demodulator is different from the quadrature demodulator of
the embodiment of FIG. 1 in that capacitors 54 and 55 are
interposed between a power supply 18 and the outputs of the
first double differential circuit while capacitors 56 and 57 are
interposed between another power supply 36 and the outputs
of the second double differential circuit. In the modified
quadrature demodulator, since the capacitors 54 to §7 are
provided additionally, the number of orders of active low-
pass filters of the first and second double differential circuits
is increased to 3, and consequently, unnecessary higher
harmonics can be attenuated by a greater degree than those
in the quadrature demodulator of the embodiment to FIG. 1.

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that many changes
and modifications can be made thereto without departing
from the spirit and scope of the invention as set forth herein.

What is claimed is:
1. A quadrature demodulator, comprising:

a first double differential circuit to which a modulated
signal and a first local signal are inputted;

a first emitter follower circuit connected to a pair of
outputs of said first double differential circuit for effect-
ing impedance conversion of signals inputted thereto
from said first double differential circuit;

a second double differential circuit to which the modu-
lated signal and a second local signal having a phase
shifted by 90 degrees from the first local signal are
inputted;

a second emitter follower circuit connected to a pair of
outputs of said second double differential circuit for

effecting impedance conversion of signals inputted
thereto from said second double differential circuit; and

a CR circuit including a resistor and a capacitor connected
to each of the outputs of said first and second double
differential circuits such that an active filter is formed
from said CR circuit and a corresponding one of said
first and second emitter follower circuits.

2. A quadrature demodulator as claimed in claim 1,
wherein a transistor which forms each of said first and
second emitter follower circuits is used commonly as a
transistor which forms said active filter, and cooperates with
said CR circuit to form a low-pass filter having a desired
Frequency characteristic.

3. A quadrature demodulator as claimed in claim 2,
wherein a capacitor is interposed between a power supply
and each of the outputs of said first and second double
differential circuits so as to form a low-pass active fiiter
having an order number of at least three.
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